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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable forming a nitride 
film having high resistance to leak and excellent 
characteristics even if the film thickness is small, by 
intermittently supplying a constant amount of silicon 
containing gas while continuously supplying ammonia gas, 
and then continuously supplying a constant amount of 
silicon containing gas. m Rl 

SOLUTION : When a silicon nitride film is formed on a £ 
semiconductor substrate, silicon containing gas (b) is * Bl 
intermittently supplied to the inside of a film forming 
equipment accommodating the semiconductor substrate, 

while continuously supply a constant amount R1 of _____ « — 

ammonia gas (a). After that, a constant amount R 2 of * ? asusae " "* 

silicon containing gas (b) is continuously supplied to the 

inside of the film forming equipment, while supplying the 

constant amount R 1 of the ammonia gas (a). For 

example, NH3 with a flow rate of 750ccm is supplied, and 

then SiH2CI2 of 0.5cc is supplied at a time t1. The 

period of intermittent supply is set to be 20 seconds, 

and SiH2CI2 is supplied about 20 times. After that, from a time t2, SiH2CI2 with a flow rate of 
50ccm is continuously supplied for about 4-5 minutes, thereby forming a silicon nitride film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] . 

[Claim 1] Supplying the ammonia gas of a constant rate continuously in the membrane formation 
equipment which held said semi-conductor substrate in forming a silicon nitride on a semi-conductor 
substrate The 1st process which supplies intermittently the silicon content gas which contains silicon 
as a constituent, The manufacture approach of the semiconductor device characterized by having the 
2nd process which supplies said silicon content gas of a constant rate continuously, supplying the 
ammonia gas of said constant rate continuously after said 1st process and in said membrane 
formation equipment. . 
[Claim 2] The manufacture approach of the semiconductor device according to claim 1 by which it is 
thing characterized with less amount of supply of said silicon content gas intermittently supplied in 
said 1st process than the amount of supply of said silicon content gas continuously supplied m said 

2nd process. . 
[Claim 3] The manufacture approach of a semiconductor device accordmg to claim 1 or 1 mat said 
silicon content gas is characterized by being gas of a mono silane and dichlorosilane which contams 
either at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] „ . ... 

[Field of the Invention] Especially this invention relates to the formation approach of the silicon 
nitride in a semiconductor device about the manufacture approach of a semiconductor device. 

[0002] J , 

[Description of the Prior Art] Conventionally, the silicon nitride formed by reduced pressure 
chemistry vapor phase reaction has been used as one of the components of capacity insulator layers, 
such as DRAM. There is the approach of forming membranes with reduced pressure chemistry vapor 
phase reaction as the growth approach of a silicon nitride by making a mono silane (SiH4) or 
dichlorosilane (SiH2 C12), and ammonia (NH3) into material gas. At this time, it is SiH4 which is 
material gas conventionally. Or SiH2 C12 NH3 is always continuously supplied by the fixed flow 
rate from membrane formation initiation of a silicon nitride to termination. 

[0003] „ • • , , 

[Problem(s) to be Solved by the Invention] In recent years, thickness of capacity insulator layers, 
such as DRAM, must also be inevitably made thin with detailed-izing of a semiconductor device. 
However, if the thickness is made thin, problems, such as an increment in leakage current and an 
oxidation-resistant fall, will produce a silicon nitride. If silicon becomes [ the presentation of the 
film ] superfluous rather than stoichiometry (Si:N=3:4), since membraneous quality -- oxidation 
resistance worsens -- will generally deteriorate in a silicon nitride, it becomes difficult to obtain a 
required capacity. On the other hand, the growth is unstable in order to grow up a silicon nitride on 
the film of different species, such as a polycrystal silicone film, in the initial stage of film growth. 
Therefore in the formation approach of the conventional silicon nitride, it is the initial stage of 
membrane formation, and is SiH4 of the material gas. Or SiH2 C12 Membrane formation advanced 
only by decomposition and the inclination for the nucleus of a silicon nitride with little nitrogen with 
much silicon to grow compared with stoichiometry was seen. Therefore, the inclination of especially 
degradation of the membraneous quality of a silicon nitride was so remarkable that the last thickness 

became thin. , . 

[0004] Then, the purpose of this invention is offering the manufacture approach of a semiconductor 
device thickness's being able to form the nitride of a good property with high leak-proof nature as it 
is thin, even if. 

[0005] . . , . . CiU . 

[Means for Solving the Problem] The manufacture approach of the semiconductor device ot this 
invention which solves the technical problem mentioned above Supplying the ammonia gas of a 
constant rate continuously in the membrane formation equipment which held said semi-conductor 
substrate in forming a silicon nitride on a semi-conductor substrate It has the 1st process which 
supplies intermittently the silicon content gas which contains silicon as a constituent, and the 2nd 
process which supplies said silicon content gas of a constant rate continuously while supplying the 
ammonia gas of said constant rate continuously after said 1st process and in said membrane 
formation equipment. 

[0006] In one mode of this invention, there is less amount of supply of said silicon content gas 
intermittently supplied in said 1st process than the amount of supply of said silicon content gas 
continuously supplied in said 2nd process. 
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[0007] In one mode of this invention, said silicon content gas is gas of a mono silane and 
dichlorosilane which contains either at least. 

[0008] ... 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 , this invention is explained 

according to the gestalt of the desirable operation. 

[0009] Drawing 1 shows change of each quantity of gas flow of NH3 (inside a of drawing) and SiH2 
C12 (inside b of drawing) in the formation approach of the silicon nitride by 1 operation gestalt of 
this invention, an axis of abscissa shows time amount and an axis of ordinate shows a quantity of gas 
flow, here - time of day tO from -- 12 up to -- an initial growth process and time of day t2 Henceforth 
is usually called a membrane formation process. 

[0010] First, an initial growth process is explained. The semi-conductor substrate which should form 
a silicon nitride is held in membrane formation equipment, and it is the time of day tO of drawing 1 . 
NH3 Supply is started by flow rate 750ccm (R> 1 drawing 1 Rl). Henceforth, membrane formation 
temperature controls 750 degrees C, a pressure controls displacement, and it fixes to 0.5Torr(s). time 
of day tO from - tl ****** - NH3 Since it is supplied, a silicon nitride does not grow. Next, time of 
day tl It sets and is SiH2 C12. 0.5 cc is supplied. This SiH2 C12 NH3 already supplied It reacts and a 
silicon nitride is grown up on a substrate. At this time, it is NH3. SiH2 C12 It compares, when 
supplying continuously by the respectively fixed flow rate. NH3 It is SiH2 C12 to the fixed inside 
which is carrying out flow rate supply. The direction supplied intermittently is NH3 per unit time 
amount. SiH2C12 It adds to a volume ratio becoming large. The grown-up silicon nitride is SiH2 C12 
next. It is NH<SUB>3 until it is supplied. Since it is put and a part with superfluous silicon is 
nitrided certainly, the silicon nitride more near stoichiometry grows. And SiH2 C12 It is SiH2 C12 
about 20 times, using the period of intermittent supply as 20 seconds. About 3 -4 A of silicon nitrides 
with a presentation ratio almost equal to stoichiometry is formed in (R3 of drawing 1. ), and a 
substrate front face by supplying. 

[001 1] Next, a membrane formation process is usually explained, if a substrate front face is covered 
with a silicon nitride - time of day t2 from ~ SiH2 C12 during about 4 - 5 minutes It supplies 
continuously by the flow rate (R2 of drawing 1 ) of 50ccm(s), and the silicon nitride of the target 
thickness is grown up. Although these membrane formation [ in / usually / a membrane formation 
process ] conditions are equivalent to the membrane formation conditions of the silicon nitride by the 
conventional approach With the gestalt of this operation, since the substrate film formed by the 
initial growth process is a silicon nitride of a presentation of a chemistry theory ratio mostly Usually, 
the silicon nitride which has a presentation ratio almost equal to stoichiometry also in a membrane 
formation process grows, and the silicon nitride of the about 50-60A thickness which has a 
presentation ratio almost equal to stoichiometry as a result is formed. 

[0012] thus, the time of the silicon nitride membrane formation near the interface with a substrate ~ 
intermittent - little by little ~ SiH2 C12 supplying - after that - SiH2 C12 increasing the amount of 
supply and supplying continuously as usual ~ up to membrane formation termination ~ always -- 
intermittent - SiH2 C12 the case where it supplies - comparing ~ a short time - and a silicon nitride 
can be formed, without degrading membraneous quality. 

[0013] In addition, it sets for an above-mentioned example and is SiH2 C12 in an initial growth 
process. If the intermittent amount of supply is changed, the optimal intermittent supply period will 
change according to it. Thus, the membrane formation temperature in an initial growth process and 
NH3 A flow rate, a pressure, and SiH2 C12 Since the membrane formation conditions in a membrane 
formation process have membrane formation conditions, such as an amount, a period, etc. of 
intermittent supply, and a different optimum value according to change of each item of the class of 
membrane formation equipment, or membrane formation conditions, values other than the value 
shown in the above-mentioned example can usually be taken. 

[0014] Moreover, it is SiH2 C12 as silicon content gas which contains silicon in an above-mentioned 
example. Other gas 4 which contains silicon although used, for example, SiH, Even if it uses, it is 
almost the same. 

[001 5] Furthermore, in many cases, such as being formed on the capacitor lower electrode of a 
DRAM memory cell, a silicon nitride is formed on the semi-conductor substrate with which a certain 
extent component structure was formed, for example, although component structure may be directly 
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formed on the semi-conductor substrate which is not yet formed. Therefore, the word called "semi- 
conductor substrate" is used for mind also including the semi-conductor substrate with which a 
certain extent component structure was formed in this invention. 

[00161 As explained above, the nuclear growth of a silicon nitride with superfluous silicon which 
becomes leakage current and the cause of oxidation-resistant degradation according to this invention 
is prevented, and it becomes possible to form the silicon nitride suitable for a chemistry theory ratio, 
and a required capacity can be secured with the semiconductor device made detailed. 

[Effect of the Invention] According to this invention, even if, thickness can form the silicon nitride 
of a presentation ratio almost equal to stoichiometry with high oxidation resistance as it is thin, and a 
required capacity can be secured with the semiconductor device with which detailed-ization 
progresses. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

prawing 11 It is the graph which shows change of the quantity of gas flow by 1 operation gestalt ot 
this invention. 
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DRAWINGS 



[Drawing 11 
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